In recent years, therapeutic ultrasound has received increased attention as a treatment modality for cancer therapy (hyperthermia) and heart arrythmia (ablation surgery). In designing and building ultrasonic arrays, electromechanical isolation is extremely important as inter-element crosstalk will degrade array performance. However, manufacturability and cost, constraints which may conflict with the goal of reduced crosstalk, must also be a consideration. Efficient numerical methods present a useful design tool for array design and allow the investigation of structural acoustic phenomena in general. In this paper, a two-dimensional finite element model for an ultrasonic phased array in contact with the human body is used to study array design. The effects of material selection and geometry for the inter-element structural matrix are examined for their impact on radiation pattern and deleterious effect on the electro-mechanical behaviour of the transducers.
INTRODUCTION
For many years, medical ultrasound has focussed primarily upon improved imaging technology. The requirements of broadband transmission and sensitivity have driven transducer design toward large arrays with small, independent elements that possess multiple matching/focussing layers and highly attenuating backing layers.
Strategies have been developed for reducing elemental crosstalk in this type of imaging transducer that involve stacking layers of various materials on a massive lossy backing then cutting deeply into this backing to reduce structural crosstalk.
More recently, attention has been turned towards the use of high intensity focussed ultrasound as a therapy for cancer and cardiac disease. In this application, high power requirements and higher tolerance to grating lobes have led to larger array element size, greater inter-element spacing, and unbacked array design. To facilitate these large array element sizes, composite array construction is utilized wherein several high aspect ratio rods or posts of lead zirconate titanate (PZT) are grouped together in a polymeric matrix or structural assembly. Development of these composite transducers has been largely guided by one-dimensional "rule-of-thumb" design and experiments. Efficient numerical methods, such as the finite element method, offer a fast and relatively inexpensive way to conduct parametric studies for investigating transducer design and optimization.
FORMULATION
To model an ultrasonic phased array in contact with the human body, the fully coupled piezoelectric, elastic and acoustic dynamics are solved on a computational domain that divides the system into structural (electrically active as well as insulating) subdomains and fluid subdomain (see Fig. 1 ). The governing partial differential equations for the time harmonic motion of these domains are: the elastodynamic wave equation in the structure, electrostatic Maxwell's equations in the piezoelectric structure, and the Helmholtz equation in the fluid. Appropriate natural and essential boundary conditions are enforced on the domain boundaries while the linearized Euler equation is applied at the fluid-structure interface.
At ultrasonic frequencies, attenuation in the fluid (tissue) allows the fluid domain to be modelled as an infinite half-space. Thus, to allow domain-based calculations, the finite fluid domain is truncated via a spatially local non-reflecting boundary condition. The weak form of the problem is developed by introducing appropriately admissible weighting functions for the displacements, fluid pressure, and electric potential. Through integration by parts, the problem is cast in the weak form and the variational equations are produced. The standard Galerkin approach is then used to discretize the piezoelectric-elastic domain while a Galerkin least-squares approach is used in the fluid domain. 
RESULTS
A two dimensional numerical model problem simulating a section of composite therapeutic ultrasound transducer was analyzed.
The basic model configuration consisted of five PZT-4 blocks (1.5 mm wide by 3.0 mm thick) with 1.0 mm wide kerfs (gaps). Each block was capped with a 1.0 mm thick stainless steel matching layer (found to be nearly optimum for power input to the fluid in this configuration at the nominal design frequency 500 kHz). The blocks were arrayed along a pressure release boundary of the fluid domain. The fluid was water (c = 1480 m/s) and the semi-circular truncation boundary was located at 10 mm from wetted surface of the middle block. All finite elements were four noded quadrilaterals using linear interpolations and possessed nominal 0.15 mm side lengths. To investigate interelement electromechanical crosstalk, several meshes were constructed with various interelement materials and connections. The middle block was excited with 1.0 volt harmonically at frequencies ranging from 100 kHz to 1 MHz. Fig. 2 shows the transmission ratio between the excitation voltage and the induced voltage on the back side of the middle block nearest neighbor for three configurations: completely independent blocks (acoustic crosstalk only), soft (polymer) midpoint connection (0.6 mm thick) between elements, and solid steel matching layer connecting all elements. It was found that, at these small length scales, varying loss factor of the kerf material had relatively little effect on crosstalk while varying elastic properties produced large modification in electro-mechanical interaction with significant changes in the acoustic radiation pattern of the transducer. 
